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制剂对卵母细胞和胚胎的副作用，研究 iPS 诱导的 MSCs（induced pluripotent 






























CD73、CD90、CD105，不表达 CD45、CD34、CD14。P18 iPSC-MSCs 仍具有
多项分化功能，可以向成骨细胞、脂肪细胞、内皮细胞分化。（4）生存期数据
表明单独使用 iPSC-MSCs 不能明显延长胰岛生存期，但联合低剂量 Rapa 可诱
导移植物耐受，彻底逆转了糖尿病。联合组 T 细胞受到 明显的抑制作用。我
们分别从蛋白水平和分子水平对血清及移植物中各类细胞因子进行检测，结果
发现 Th1、Th17 类细胞因子受到抑制，Th2、Treg 类细胞因子高表达，这说明
iPSC-MSCs 与 Rapa 联合用药的作用机制是调节 Th1/Th2、Treg/Th17 平衡。 
结论：糖尿病影响小鼠卵母细胞核成熟、胞质成熟以及孤雌胚胎发育能
力，其可能机制是通过影响纺锤体检测点 Mad2 和 Bub1 mRNA 的表达；并首次
证实胰岛移植可以彻底逆转糖尿病对卵母细胞造成的损伤，并且治疗效果优于




















Objective: Women with poorly controlled type 1diabetes often suffer from a series of 
reproductive problems such as miscarriage, neonatal morbidity and mortality, and 
congenital malformations. Maternal hyperglycemia has been shown to adversely af-
fect progression from a one-cell to a blastocyst stage in rodent models. Emerging evi-
dence has implicated that these effects are associated with compromised oocyte matu-
ration. Whether islet transplantation could reverse the effects of diabetes on mouse 
oocytes maturation and whether stem cell therapy could reduce the effects of immu-
nosuppressants on mouse oocyte maturation remain further systematically investi-
gated. To address those issues, we first investigated the effects of diabetes on mouse 
oocyte maturation and tried to explore its possible mechanism based on previous stu-
dies; second we carried out a innovation research to compare the effects of islet trans-
plantation on diabetic mouse oocyte maturation with insulin treatment; and finally di-
rect at the side-effects of immunosuppressants on oocyte and embryo maturation, we 
investigated the efficacy of iPS-MSC-based therapy in  reversion of comprised oocyte 
maturation  caused by hyperglycemia and immunosuppressants in diabetes. 
Materials and methods：(1) We have utilized a streptozotocin-induced diabetic 
mouse model to examine the effect of maternal diabetes on nuclear maturation, cytop-
lasmic maturation and parthenogenetic embryo development of mouse oocytes. (2) In 
order to investigate whether islet transplantation could reverse the effects of diabetes 
on mouse oocyte maturation, a number of oocyte maturity indexes were investigated 
using islet syngraft, and we compared the therapeutic effect of islet transplantation 
with insulin treatment. (3) iPS-MSCs were tested for their phenotypes. Adipogenesis, 
osteogenesis and endothelial-cells differentiation of iPSC-MSCs were carried out. (4) 
To elucidate whether iPSC-MSCs alone, or in combination with short-term Rapa 
treatment, could reverse diabetes, we used islet allograft to explore their effects on 
graft survival and further investigated the possible molecular mechanisms underlying 
the immunomodulatory properties of iPSC-MSCs. 
Results: (1) Diabetic mice ovulated about one half as many ova as controls. We 
















significant increase in the incidence of hyperploidy, a higher relative expression of 
Mad2 and Bub1 and a higher rates for blastocyst formation were observed in ovulated 
MII oocytes from diabetic mice, compared to the control MII oocytes. (2) our results 
suggested islet transplantation could reverse effects of maternal diabetes on oocytes 
maturity indexes, while insulin treatment could not. (3) P18 iPS-MSCs displayed a 
typical spindle fibroblast-like pattern. Flow cytometry analysis revealed the iPS-
MSCs were positive for CD73, CD90, and CD105 and negative for CD45, CD34 and 
CD14 surface molecules. P18 iPSC-MSCs could differentiate to osteoblasts, adipo-
cytes, and endothelial cells in vitro. (4) Our results showed that iPSC-MSCs treatment 
alone had no significant effect on allograft survival of islet grafts. However, iPS-
MSCs combined with short-term Rapa significantly prolonged graft survival, even 
achieved tolerance. The proliferation of T lymphocyte isolated from spleen of combi-
nation group  was suppressed significantly in vitro. Though examing cytokines in pro-
tein and gene levels, we noticed the expression of Th1 and Th17 cytokines were inhi-
bited while the expression of Th2 and Treg cytokines were enhanced. Our results sug-
gested that iPS-MSCs combined with short-term Rapa regulated Th1/Th2 and 
Th17/Treg cells balance. 
Conclusion: Our results revealed that maternal diabetes induced compromised 
nuclear maturation, cytoplasmic maturation and parthenogenetic embryo development 
of mouse oocytes and its mechanism may be the regulation of the spindle checkpoint 
Mad2 and Bub1 mRNA expression; we confirmed for the first time that islet trans-
plantation prevented prevent these detrimental effects and was better than insulin 
treatment in therapeutic effect. Besides, our results indicated that iPSC-MSCs infu-
sion synergized with low-dose immunosuppressants in inducing long-term islet graft 
acceptance through reciprocal regulation of Th1/Th2 and Th17/Treg cells. Our results 
indicated that these cells allow safe minimization of maintenance pharmacological 
antirejection therapy and thus reduced the effects of immunosuppressants on oocyte 
maturation. It is concluded that islet transplantation combined with stem cell therapy 
is an effective method to avoid the reproductive damages for women with diabetes 
mellitus.  




















有 340 万人死于空腹高血糖[1]。截止到 2011 年全世界有 3.47 亿糖尿病患者[2]。
世卫组织预测，2030 年糖尿病将成为第七位主要死因[3]。糖尿病可以分为多种
类型，其中 1 型糖尿病以 T 淋巴细胞介导的胰岛 β 细胞损伤为主要特征， 终
使胰岛素分泌绝对缺乏从而导致血糖的持续升高，是一种自身免疫性疾病[4]。其
特征表现为：①抗胰岛细胞抗体的存在(目前是诊断 1 型糖尿病的 佳标准)；②




























































































接蛋白 Cx26 和 Cx43 表达也显著降低。另外，Cx37 是一种主要表达于卵母细胞
上的间隙连接蛋白，其在糖尿病卵母细胞中的表达量也显著降低[24, 35]。体外将
COCs 与一间隙连接阻断剂甘珀酸共孵育，结果小鼠卵母细胞 GVBD 显著被延
迟[35]，尽管破坏大鼠卵泡间隙连接信号通路反而促进卵母细胞成熟[36]。因此，
间隙连接及连接蛋白表达降低，很有可能是糖尿病卵母细胞发育受损的原因。 
另外，糖尿病鼠 COCs 和卵母细胞中均发现葡萄糖、嘌呤和 cAMP 代谢、
羟烷基-CoA 脱氢酶、谷氨酸丙酮酸氨基转移酶和 AMP 活化蛋白激酶活性均受
损[25, 37, 38]。糖尿病大鼠正常排出的卵母细胞、从卵巢中获取的不成熟的 COCs 以
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